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(57) ABSTRACT

A lane departure warning system which uses at least one
detection device, such as a stereo camera, to map the
surrounding environment in three-dimensions, which pro-
vides for a determination of the distance of various objects
in a given 1mage obtained by the camera. With the infor-
mation obtained by the camera, or cameras, additional data,
such as the color of each pixel 1n an 1mage, 1t 1s possible to

identify which pixels in the 1mage correspond to the road.
Once the pixels that correspond to the road are 1dentified, the
width of the road 1s determined, as well as the position of the
vehicle on the road. With the width of the road being known,
the road 1s “virtually” divided into virtual lanes, and 1t 1s
determined which of the virtual lanes the vehicle 1s travel-
ling, and the vehicle 1s monitored to ensure that the vehicle
remains within one of the virtual lanes.
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1

LANE DEPARTURE WARNING WITHOUT
LANE LINES

FIELD OF THE INVENTION

The invention relates generally to a lane departure warn-
ing system which 1s able to infer the lane in which a vehicle
1s travelling when there are no marked lanes, or poorly
marked roads.

BACKGROUND OF THE INVENTION

Lane departure warning (LDW) systems or lane keep
assist (LKA) systems are well known. LDW/LKA systems

are typically designed to warn a driver when the vehicle 1s
moving or drifting from a lane as the vehicle 1s being driven
on a road or a roadway. These types of systems typically
include a detection device, such as a camera, or sensor,
which 1s able to detect one or more division lines used as
markers to provide an indication of the different lanes. These
systems also include an output device which alerts the driver
of the vehicle that the vehicle 1s close to the edge of a lane,
or has departed from a lane.

However, these types of systems are limited 1n the fact
that they rely on some type of marker or line which is located
between and divides the lanes. These types of systems
typically use a monocular vision camera to map the sur-
rounding environment. In developed countries, most roads
and highways are properly marked or signaled. In develop-
ing countries, some roads and highways are not always
properly marked, or do not have any type of lane markers,
which limits the use of LDW/LKA systems, such as an
LDW/LKA system which incorporates the use of a mon-
ocular vision camera.

Accordingly, there exists a need for an LDW/LKA system
which 1s able to function without the use of lane markers or
lines.

SUMMARY OF THE INVENTION

The present invention 1s a lane departure warning system
which uses at least one detection device, such as a camera
with stereo vision, to map the surrounding environment in
three-dimensions, which provides for a determination of the
distance of various objects in a given 1image obtained by the
camera. With the mformation obtained by the camera, or
cameras, additional data, approaches such as “V-Disparity”
may be used to determine which pixels corresponding to
different objects, to therefore determine which pixels in the
image correspond to the road.

Once the pixels that correspond to the road are 1dentified,
the width of the road i1s able to be determined, and the
position of the vehicle on the road 1s able to be determined
as well. With the width of the road being known, the road 1s
“virtually” divided into virtual lanes, and 1t 1s determined
which of the virtual lanes the vehicle 1s travelling, and the
vehicle 1s monitored to ensure that the vehicle remains
within one of the virtual lanes.

In one embodiment, the road may be divided into the
virtual lanes using standard lane widths, and the current
position of the vehicle within the road 1s changed or main-
tained such that the vehicle remains traveling 1n one of the
virtual lanes.

Estimation of the location of the vehicle may be improved
if other sources of data to generate the location of the vehicle
are available, such as a global positioning system (GPS) and
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2

other nearby vehicles. The system may also benefit from
partial lane markers, but they are not necessary.

In other embodiments, 1n addition to the camera or
cameras, the location of the vehicle on the road may also be
detected using the location of curbs or barriers using radar,
a sensor, or some other type of detection device.

In an embodiment, the present mnvention 1s a lane depar-
ture system, including at least one detection device mounted

to a vehicle, where the detection device detects objects 1n the
environment around the vehicle, and the width of a road. The

lane departure system also includes a control device 1n
electrical communication with the detection device, a warn-

ing device 1n electrical communication with the control
device, at least one virtual lane boundary generated by the
control device as a result of information received by the at
least one detection device and the width of the road, and at
least one virtual lane located adjacent the virtual lane
boundary. The vehicle traverses the virtual lane, and the
control device commands the warning device to generate a
warning when the detection device has detected that the
vehicle had moved within a proximity limit of the virtual
lane boundary.

In an embodiment, the control device 1s an autonomous
driving vehicle controller.

In an embodiment, there 1s a plurality of virtual lane
boundaries. A first of the virtual lane boundarnies 1s located
on one side of the virtual lane, and a second of the virtual
lane boundaries 1s located on the opposite side of the virtual
lane as the first of the virtual lane boundaries.

In an embodiment, there 1s a plurality of virtual lanes. A
first of the virtual lanes 1s disposed on one side of the virtual
lane boundary, and a second of the virtual lanes 1s disposed
on the opposite side of the virtual lane boundary as the first
of the virtual lanes.

The warning device may generate a warning being at least
one of a haptic, a visual, or an audible warning.

In an embodiment, the lane departure system includes a
proximity limit, wherein the proximity limit 1s a predefined
distance away from the virtual lane boundary.

Further areas of applicability of the present invention waill
become apparent from the detailed description provided
hereinafter. It should be understood that the detailed descrip-
tion and specific examples, while indicating the preferred
embodiment of the mvention, are mtended for purposes of
illustration only and are not intended to limit the scope of the
ivention.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description and the accompanying draw-
ings, wherein:

FIG. 1 1s a diagram of a vehicle travelling down a road
having a lane departure warming system, according to
embodiments of the present invention;

FIG. 2 1s a top view of a vehicle having a lane departure
warning system, according to embodiments of the present
invention; and

FIG. 3 1s an 1mage generated by at least one detection
device that 1s part of a lane departure warning system,
according to embodiments of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

The following description of the preferred embodiment(s)
1s merely exemplary 1n nature and 1s 1n no way intended to
limit the invention, 1ts application, or uses.
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In some embodiments, the present mvention 1s a lane
departure warning system which 1s able to be used without
defined lanes or lane markers. A vehicle having a lane
departure warning system 1s shown in FIGS. 1-2 generally
at 10. The lane departure warning system, shown generally
at 12, includes at least one camera, which 1in this embodi-
ment 1s a stereo camera 14. The stereo camera 14 includes
a first image sensor 14a and a second 1image sensor 145 used
to generate an 1mage pair. Although two 1mage sensors 14a,
146 are used, 1t 1s within the scope of the invention that
additional 1mage sensors may be used to generate multiple
images which provide information regarding the surround-
ing environment. The imvention 1s not limited for use with a
stereo camera, 1t 1s within the scope of the invention that
other types of cameras or sensors may be used to generate
one or more 1mages or data to obtain information in three
dimensions of a surrounding environment. Fach image
sensor 14a, 14b 1s operable for providing information
regarding objects 1n a corresponding detection area. Each
detection area for each 1mage sensor 14a, 145 1s shown 1n
FIG. 2. More specifically, the first image sensor 14a of the
camera 14 1s able to obtain information regarding objects 1n
a first detection area 16a, and the second image sensor 1456
of the camera 14 1s able to obtain imnformation regarding
objects 1 a second detection area 16b. The image sensors
14a, 14b constitute a stereo pair, which 1s operable for
providing three-dimensional mnformation regarding objects
that appear in both detection areas 16a and 165b.

The camera 14 1s in electrical communication with a
control device 18. The control device 18 may be any suitable
device which 1s able to process mnformation recerved from
the camera 14, and make corresponding changes to the
movement and direction of the vehicle 10 based on infor-
mation received from the camera 14.

In an embodiment, the control device 18 1s a vehicle
controller which 1s able to provide feedback to the driver of
the vehicle 10 as to whether the vehicle 10 1s moving 1n an
undesirable manner. The control device 18 1s 1n electrical
communication with a warning device 20. The warning
device 20 1s able to provide a warning signal to the driver of
the vehicle 10 when the vehicle 10 1s moving 1n an unde-
sirable manner. This warning may be a visual signal, an
audible signal, a haptic signal, or a combination thereof.

The vehicle 10 1s shown traveling down a road, shown
generally at 22. The road 22 shown 1n FIG. 1 does not have
any lane markers, or any dashed lines or solid lines to
distinguish between lanes. The lane departure warning sys-
tem 12 1s able to generate at least one “virtual lane bound-
ary”” based on the width of the road 22, the direction of travel
of the vehicle 10, and objects 1n the detection areas 16a, 165.

Objects 1n the detection areas 16a, 165 are detected by the
image sensor 14a, 145 of the camera 14, the camera 14 1s
also able to detect the width 24 of the road 22. Based on the
width 24 of the road 22, the direction of travel 26 of the
vehicle 10, and any objects detected 1n the detection areas
16a, 16, the control module 18 1s able to provide feedback
to the driver of the vehicle 10 regarding whether the vehicle
10 1s moving 1n an undesirable manner.

In an embodiment, the 1mage sensors 14a, 145 of the
camera 14 are used to generate an 1mage, shown generally
at 28 1 FIG. 3. The width 24 of the road 22 1s determined
by 1dentilying which pixels in the image 28 correspond to
the road 22. As previously mentioned, the camera 14 1s a
stereo camera, and may have multiple image sensors. Fur-
thermore, the camera 14 having multiple 1image sensors may
be able to detect objects 1n multiple detection areas having,
different shapes and sizes. This would allow the camera 14
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to detect roads of varying widths. In one embodiment, the
camera 14 may have a number of 1image sensors such that the
camera 14 1s able to detect a two lane road, and 1n other
embodiments, the camera 14 has a number of 1mage sensors
such that the camera 14 1s able to detect roads with two or
three lanes (or more) 1n each direction. The vehicle 10 may
also be equipped with additional cameras to accomplish this.

Not only the width 24 of the road 22 but the location of
the vehicle 10 within the road 22 may be determined as well
once the pixels corresponding to the road 22 are identified.
Additionally, once the pixels corresponding to the road 22
are 1dentified, the road 22 1s virtually divided (based on the
information received by the camera 14) by the control
device 18. In FIG. 3, there i1s a virtual lane boundary 30
which virtually divides the road 22 into two lanes, such that
the location of the lanes may be inferred. The road 22 may
have all vehicles moving 1n the same direction, or may have
vehicles moving 1n opposite directions.

Additionally, as shown 1n FIG. 1, the road 22 may be wide
enough such that multiple vehicles may be able to travel 1n
the same direction while being next to one another. In this
situation, an additional virtual lane boundary 30a may be
generated by the control device 18, shown in FIG. 1, so as
to correspond to the road 22 having multiple virtual lanes,
shown generally at 32,34,40 where more than one vehicle 1s
able to travel i the same direction, while being adjacent to
one another. Furthermore, another virtual lane boundary 305
may also be generated to provide an indication of the
location of the edge of the road 22, therefore dividing one of
the virtual lanes (which i1s the virtual lane 32 1 FIG. 1) and
a shoulder area, shown generally at 38. Additional virtual
lanes may be generated as necessary based on the width 24
of the road 22.

Another function of the lane departure warning system 12
1s that the control device 18 1s also able to generate the
virtual lane boundaries 30,304,305 to facilitate the vehicle
10 remaining 1n the right-most lane, which in FIG. 1 1s the
right-most virtual lane 32. The vehicle 10 remaining in the
right-most virtual lane 32 (when looking at FIG. 1) may be
the safest because the vehicle 10 would be the turthest away
from oncoming traflic (if trafhic were moving in opposite
directions), or the furthest away from other vehicles travel-
ling 1n the same direction (1f the entire road 22 was a
one-way road, and multiple vehicles could be travelling
adjacent to one another). The right-most virtual lane 32 may
also provide for access to an exit ramp, i1 the road 22 1s a
highway.

During the travel of the vehicle 10, the direction of the
vehicle 10 may be maintained by determining how close the
vehicle 10 1s to the virtual lane boundary 30. A proximity
limit 1s set such that i1f the vehicle 10 1s moving 1 an
undesirable manner and comes too close to the virtual lane
boundary 30, or breaches the proximity limit, the control
device 18 commands the warming device 20 to generate a
warning to notify the driver of the vehicle 10 that the vehicle
10 1s too close to, or has breached, the virtual lane boundary
30. The proximity limit may be a predefined distance 36
away from the virtual lane boundary 30. In one embodiment,
the distance 36 of the proximity limit 1s six inches, but this
distance 36 may be more or less, depending on how the lane
departure warning system 12 1s configured. In another
embodiment, the distance 36 may be zero inches, and the
control device 18 commands the warning device 20 to
generate a warning only when the virtual lane boundary 30
has been breached. There are also additional proximity
limits corresponding to each of the remaiming virtual lane
boundaries 304,305, such that the vehicle 10 may remain in
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the desired lane 32,34. And each proximity limit has a
corresponding predetermined distance 36a4,365,36¢, shown
in FIG. 1.

In an embodiment, a “v-disparity image’ 1s constructed of
the 1image 1n FIG. 3, where it 1s determined that certain
pixels 1 the image 1 FIG. 3 correspond to the road.

In an embodiment, a “v-disparity image” 1s constructed
out of the disparity map generated from the image pair
obtained by the stereo camera 14. The v-disparity image 1s
created by calculating horizontal histograms for each row 1n
the disparity map. Once the v-disparity 1image 1s available,
the plane of the road 22 may be estimated, as the plane of
the road 22 1s projected 1n the v-disparity image as a straight
line. To allow for this estimation, 1t 1s assumed that a
significant percentage of the image pixels correspond to the
plane of the road 22. Therefore, the longest line segment in
the v-disparity image would correspond to the plane of the
road 22. This line segment 1s obtained using the Hough
Transform. Once the line segment 1s 1dentified, the line
segment may be traced back to the disparity map to identily
the pixels corresponding to the road 22, and therefore the
dimensions of the road 22 may be estimated and used for
additional calculations. The road estimation may be
strengthened by the use of additional information, such as
pixel color, if available.

In one embodiment, the control device 18 1s an autono-
mous driving (AD) controller which controls the various
operating parameters of the vehicle 10. In this embodiment,
the AD controller 18 not only generates the virtual lane
boundary 30 (or virtual lane boundaries 30,304,305), but
also controls various vehicle functions, such as the steering,
throttle, and brakes, to maintain the mimnimum distance 36
from the virtual lane boundary 30, and therefore maintain
the vehicle 10 in the desired virtual lane 32. Additionally, the
AD controller 18 1s also able to maintain the position of the
vehicle 10 between the virtual lane boundaries 30,30q 11 1t
1s desired to maintain the vehicle 10 1n the virtual lane 32.

The description of the mvention 1s merely exemplary in
nature and, thus, variations that do not depart from the gist
of the mvention are intended to be within the scope of the
invention. Such variations are not to be regarded as a
departure from the spirit and scope of the ivention.

What 1s claimed 1s:
1. An apparatus, comprising:
a lane departure system, including:
at least one detection device mounted to a vehicle, the
at least one detection device captures image data and
detects objects 1n an environment around the vehicle
and a width of a road based on the image data, the
image being without any representation ol lane
markers or lines of the road;
a controller 1 electrical communication with the at
least one detection device;
a warning device 1n electrical communication with the
controller;
at least one virtual lane boundary generated by the
controller based on the width of the road, the image
data, the objects detected 1n the environment around
the vehicle, and a direction of travel of the vehicle,
the at least one virtual lane boundary being generated
without any representation of lane markers or lines
of the road in the image data; and
at least one virtual lane determined by the controller
based on the at least one virtual lane boundary and
located adjacent the at least one virtual lane bound-

ary
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6

wherein as the vehicle traverses the road corresponding
to the at least one virtual lane, the controller sends a
command to the warning device to generate a warn-
ing when the at least one detection device has
detected that the vehicle had moved within a prox-
1mity limit of the road corresponding to the at least
one virtual lane boundary.

2. The apparatus of claim 1, the controller further com-
prising an autonomous driving vehicle controller.

3. The apparatus of claim 1, the at least one virtual lane
boundary further comprising a plurality of wvirtual lane
boundaries.

4. The apparatus of claim 3, wherein a first of the plurality
of virtual lane boundaries 1s located on one side of the at
least one virtual lane, and a second of the plurality of virtual
lane boundaries 1s located on an opposite side of the at least
one virtual lane as the first of the plurality of virtual lane
boundaries.

5. The apparatus of claim 1, the at least one virtual lane
turther comprising a plurality of virtual lanes.

6. The apparatus of claim 5, wherein a first of the plurality
of virtual lanes 1s disposed on one side of the virtual lane
boundary, and a second of the plurality of virtual lanes 1s
disposed on an opposite side of the virtual lane boundary as
the first of the plurality of virtual lanes.

7. The apparatus of claim 1, the warning further compris-
ing at least one of a haptic, visual, or audible warning.

8. The apparatus of claim 1, wherein the proximity limit
1s a predefined distance away from the at least one virtual
lane.

9. The apparatus of claim 1, the at least one detection
device further comprising a stereo camera.

10. The apparatus of claim 1, whereimn the at least one
detection device comprises a stereo camera and 1s config-
ured to construct a V-disparity image from the image data,
estimate a plane based on the V-disparity image, i1dentily
pixels corresponding to the road and determine the width of
the road based upon the identified pixels corresponding to
the road.

11. The apparatus of claim 1, wherein the at least one
virtual lane 1s inferred from the at least one virtual lane
boundary.

12. A lane departure warning system, comprising:

at least one detection device connected to a vehicle, the at
least one detection device operable for generating
image data and detecting objects around the vehicle and
a width of a road based on the image data, the 1image
data being without representations of lane markers and
lines of the road;

a controller 1n electrical communication with the at least
one detection device;

at least one virtual lane boundary generated by the con-
troller based on the detected width of the road, the
image data and a direction of travel of the vehicle on
the road, the at least one virtual lane boundary being
generated without any representation of lane markers or
lines of the road in the 1image data;

a plurality of virtual lanes based on the at least one virtual
lane boundary, the at least one virtual lane boundary
divides the road into the plurality of virtual lanes, such
that at least one of the plurality of virtual lanes 1s
located adjacent the at least one virtual lane boundary;

wherein the vehicle traverses one of the plurality of
virtual lanes, and the controller commands a warning
device to generate a warming when the at least one
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detection device has detected that the vehicle has
moved within a proximity limit of the at least one
virtual lane boundary.

13. The lane departure warning system of claim 12, the at
least one virtual lane boundary further comprising a plurality 5
of virtual lane boundaries.

14. The lane departure warning system of claim 13,
wherein each one of the plurality of virtual lane boundaries
1s disposed between and divides two of the plurality of
virtual lanes. 10

15. The lane departure warming system of claim 12, the
warning further comprising at least one of a haptic, visual,
or audible warning.

16. The lane departure warning system of claim 12,
wherein the proximity limit 1s a predefined distance away 15
from the at least one virtual lane boundary.

17. The lane departure warning system of claim 12, the
controller further comprising an autonomous driving vehicle
controller.

18. The lane departure warning system of claim 12, the at 20
least one detection device further comprising a stereo cam-
era.

19. The lane departure warning system of claim 12,
wherein the at least one detection device comprises a stereo
camera and 1s configured to construct a V-disparity image 25
from the 1mage data, estimate a plane based on the V-dis-
parity 1image, 1dentity pixels corresponding to the road and
determine the width of the road based upon the identified
pixels corresponding to the road.
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